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Immune Response of Pigs to Inactivated Foot-and-Mouth 

Disease Vaccines 

Response to DEAE-Dextran and Saponin Adjuvanted Vaccines 

E. C. Anmwon, R. C. Masters and G. R Mowat 
Animal Virus Research Institute, Pirbright> Woking, Surrey 

SUMMARY. The immune respofise of pigs to inactivated DEAE-dextran and saponin 
adjuvanted foot-and-mouth disease (FMD) vaccines' differed from their response to emulsion 
vaccines. A single dose of a DEAE-dextran vaccine stimulated reasonable serum neutralizing 
antibody concentrations which reached their peak at 14 days after vaccination and then decreased. 
Duration of immunity was short and lasted from. 1 to 3 months. A single dose stimulated the 
appearance of IgG antibodies, A good anamnestic response resulting in a much hnger duration 
of immunity followed secondary vaccination at between 1 audi months after primary vaccination. 
A single dose of a saponin vaccine gave a true IgM primary response with peak antibody concentra- 
tions at 7 days after vaccination. By 21 days no detectable serum antibodies were present, but the 
animab were capable of giving a moderate anamnestic response to a second inoculation at this time 
which resulted in the appearance of IgG antibodies. It is suggested that the pig requires repeated 
stimulation with inactivated FMD antigen for an adequate level of immunity to be maintainel This 
occurs following vaccination with , emulsion vaccines but does not occur in convalescent pigs or 
following inoculation with DEAE-dextran or saponin vaccines. 
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the response Op- pigs co inactivated FMD 
vaccines has been reviewed by Mussgay & 
Wittmann (1968). Up to that time most of 
the work had been done with vaccines con- 
taining aluminium hydroxide or saponin as 
the adjuvant. These vaccines were consistently 
poor and increasing the antigen dose or the 
use of different inactivants did not improve 
their potency. This, and the short duration o£ 
immunity of convalescent pigs led these 
authors to conclude that it was unlikely that 
an inactivated vaccine effective in pigs would 
be developed'. Since that time it has been shown 
that the emulsion vaccines stimulate a good 
immunity in pigs and more recently Wittmann 
et al (1970) have reported that the use o£ 
DEAE-dextran adjuvanted vaccines resulted 
in almost total protection of pigs exposed to 
natural contact infection "12 weeks after 
vaccination. The purpose of this report is 
to compare the serological responses obtained 
and the class of antibody present following 
primary and secondary vaccination with 
DEAE-dextran and saponin adjuvanted vac- 
cines under conditions similar to those re- 



ported for the emulsion vaccines (Anderson 
et al, 1971). 

MATERIALS AND METHODS 
Vims Strains 
Two virus strains were used: 

Type and subtype Strain 
C Novillc 
O x Swiss r/<56 

Antigen Production and Assay 

This has been described in our previous piper 
(Anderson et al, f 1 971). 

Vaccine Formulation 
DBAErDextrm Vaccines 

(i) Preparation of the Adjuvant, la all the experi- 
ments with the exception of those carried ouc to 
determine the effect of different doses of DEAE- 
dcxtrwa on the jinnirmc response, a standard dose 
of 100 mg* DEAE-dextran in 2 mL of vaccine was 
used. A. solution conukuxxg 1 00 mg./mL was 
prepared in C25M tris-HCl buffer of pH S-2. This 
was autoclaved and the pH measured to ensure it 
was 7*6-7-8. "When levels of 250 mg. and 500 mg. 
DEAE-dextran were included in the 2 ml. vaccine 
dose they were prepared in o*$M cris~HCl buffer 
• ofpH8-2. 
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(ii) Formulation of the Vaccina. To the adjuvant 
solution was added an equal volume of the anrigen 
suspension at pH 7-6*, All the vaccines -were given 
subcutaneous ly in a 2 nil. volume. 

Saponin Vaccines • 

A solution containing saponin* 5 mg-fud, was 
prepared in phosphate buffered saline (PBS). To 
this was added an equal volume of the antigen 
suspension, A 2 mL volume was administered. 

Animal Experiments 

Large White cross Landrace pigs of between 30 
and 40 kg. bodyweight were used. Blood samples 
were collected at frequent intervals and assayed for 
serum neutralizing antibody concentrations "by the . 
cell metabolic inhibition test (Martin Be Chapman, 
196 1 ) in all the experiments except that to detearmine 
the effect on the immune response of increased 
amounts of DEAE-dexcran. Here, because suitable 
cell cultures were not available, neutralizing antibody 
concentrations were assayed in 5- to 7-day-oId mice 
using 3-fold serum dilutions and a fixed virus dose 
of 100 mouse ID aa , the 50% end-point .being 
calculated by the method of Reed & Muench (1938)- 
Antibody concentrations are quoted as the group 
geometric mean for each group of pigs. Results are 
expressed as the logi 0 of me reciprocal of die scrum 
end-point dilution- Where animals were challenged, 
the method used was to inoculate 100 pig ID X0 
of homologous virus into the heel of I foot and 
observe the pigs for signs of generalised lesions 
(Burrows, 1966). 

Examination of Antibody Class 

This was done as previously described (Anderson 
et al t 1971). 

RESULTS 

DEAE-Dextran Vaccines 
Antigen Threshold 

(i) Type C Virus (C Noville). The inactivated 
antigen concentrate used Contained 1400 
ci.u.7ml. of which an estimated 38% con- 
sisted of the 140S component. Using an 
Eagle's + tryptose phospnare broth serum- 
free medium as the diluent, a dilution of the 
antigen concentrate containing 175 ci.u./mL 
was prepared. Four-fold serial dilutions of this 
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suspension were nude to produce an antigen 
range of 175 to 3 ci,u./m)L To each antigen 
dilution was added an equal volume of 
adjuvant containing DEAE-dextran 100 mg./ml 
Each vaccine was given .to groups of 8 pigs 
in a a ml. volume. Humoral antibody con- 
centrations were assayed 7, 14, 2.1 and 28 days 
after inoculation and all the pigs were chal- 
lenged at 28 days after inoculation. Antibody 
concentrations reached a peak at 14. days after 
inoculation (Fig. la) and then decreased 
rapidly. There was no response to the smallest 
antigen dose. At 14. days after inoculation 
antibody titrcs. were similar in all but the 
group tnat received the smallest anrigen dose, 
but thereafter antibody concentrations fell more 
slowly in the group that received the largest 
antigen dose. The slope of the dose response 
regression line at 28 days after inoculation 
(Fig. lb) indicates that increasing the antigen 



§ 2-0 



Antiqro live! (af.u.'s) a«r dow 
—175 



44 

11 




28 



0 7 U 21 

Days post inoculation 

Fic. is. Serum antibody response co type C DEAE-dexiraa 
vaccine 



£2-0r 




Loq |Q antiqen dose 

ftc, 3tb. Dose response ttgiession analysis of antibody 
concenmcioa at 38 days after vaccimiion. 



Levels c 
Vaccina? 
Vacct 
Pig 



>Jo, protectc 



dose woul 
response. 1 
after inocv- 
Table L 

This va 
value o£ 3 
in terms < 
with valu' 
ci.u. in 
double ei 
same bate 
et aL, 19: 
not as pc 
and in ad« 
curve o r 
concentr; 
14 days ? 

(ii) 7) 
activated 
1620 ci 
consistec 
of this 
200 ci.v 
suspensi 
range o 
dilution 
juvant c 
Each v: 
in a 2 
centrati 
days af 
challen 
(Fig. 2: 

tlOIlS C 

and th 
after i 
tions v 



DEAE-Dextrdn and Saponin Adjuvanted Vaccines 



353 



TABLE 1 

Levels op Protection ik Groups of Pigs 
Vaccinated with Type C DEAE-Dextran 
Vaccines and Challenged with ioo 
Pig ID jo of Homologous Virus 



Antiqin level Cc.t.U^)p«r tfo« 
200 





Antigen (c.f. 


a.) per dose 
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2/8 



dose would result in an improved immune 
response. The pigs were challenged at 28 days 
after inoculation and the results are shown in 
Table! 

This vaccine was found to have a PD$ 0 
value of 12*8 c.f.u. total antigen oc 4*9 C-tu. 
in terms of 140S component This compared 
with values of 0*33 cf.u. total antigen or 0*13 
ci.u. in terms of 140S component for the 
double emulsion vaccine prepared with the 
same batch of antigen concentrate (Anderson 
tl al 7 1971)- The DEAE-dcxtran vaccine was 
not as potent as the double emulsion vaccine 
and in addition produced an antibody response 
curve of a different shape with antibody 
concentrations not being maintained beyond. 
14 days after inoculation. 

(ii) Type O Virus (O Swiss 1/66). The in- 
activated- antigen concentrate used contained 
1620 ci,u./mL of which an estimated 30% 
consisted of the 140S component, A dilution 
of this concentrate was prepared to contain 
200 c.f,u,/ml Four-fold serial dilutions of this 
suspension were prepared to cover an antigen 
range of 200 to 3 ci,u./ml. To each antigen 
dilution was added an equal volume of ad- 
juvant containing DEAE-dextran 100 rng./ml. 
Each vaccine was given to groups of 6 pigs 
in a 2 ml. volume. Humoral antibody con- 
centrations were assayed weekly up to 2,8 
days after inoculation when the animals were 
challengccL . The antibody response curves 
(Fig, za) show that peak antibody concentra- 
tions occurred at 14 days after inoculation 
and then decreased sharply so that at 28 days 
after inoculation all the antibody concentra- 
tions were small. 
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Fig. 2b. Dose reapowc regression analysis of antibody 
cancm rations it 28 days after Vaccination. 

In contrast to the type C vaccine there was 
little correlation between antigen dose and 
antibody response at 28 days after inoculation 
(Fig. 2b) but there was a marked correlation 
at 14 days after inoculation. The pigs were 
challenged at 28 days after inoculation and 
the results are shown in Tabic LL 

The PD 50 value of this vaccine was found 
to be > 120 c,f.iL total antigen. This com- 
pared with a value of 0*2 c.f.u. total antigen 
for the double emulsion vaccine prepared with 
the same antigen concentrate (Anderson et ah, 
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OEAE-dextfan conteot (mqj per dose 
500 




D.cft past Inocuiqtian 
FK. 3 . Effect of DEAE^teton d«c w the immune 
response. 

^fa* on the Immune Response of Increased 
DEAErDextran Doses. Using a type O antigen 
vaccines were prepared containing in each 
2 ml, dose zoo ci.u. total antigen or 48 cf u. 
in terms o£ the X40S component and either 
50, 250 or 500 mg. DEAE^extran. Each 
vacone was administered to a group of 6 pies 
and blood samples were collected at weekly 
intervals. Antibody concentrations were as- 
sayed in 5- to 7^y-old nnweaned mice and 
the results are shown in Fig, 3. 

A (juantitative response to this adjuvant was 
shown as titrcs in the group receiving 50 me 
reached an early peak at 7 days af£r inocu- 
lation and then decreased sharply while those 
in the 250 nig. and" 500 mg. groups continued 
to increase to 14 days after inoculation and 
then decreased slowly, more so in the 500 
mg. group. No undesirable tissue reaction* to 
any of these vaccines was found. 

Duration of Immunity. A group of 10 pfcs 
was given a single dose of a type C vaccine 
containing 175 cf.u. total antigen and 100 
mg. DEAE-dextran, Antibody concentrations 
were measured at intervals up to r8o days after 
inoculation The result is shown in Fie 4. 
which indicates that concentrations were 
never high and by 56 days after inoculation 
had railcn below die average level of i-a 
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known to correlate with 50% protection 
against a needle challenge with. 100 pig to R „ 
of homologous virus (unpublished refute). 

Anamnestic Response. Two groups of 4 pies 
each were given a dose of the type C vacdne 

^^f S 175 ci - u - total and zoo mg. 

UE^-dexcran. One group was then given a 
second dose of the same vaccine a8 days later 
and the other group a second dose 84. days after 
the primary dose. Blood samples were col- 
lected at intervals and antibody titrcs assayed 
A good anamnestic response was observed 
in both groups (Kg. s ) but in order to 
tain an adequate level of immunity a second 
dose would need to be given within z to 3 
months of the first dose. This would result in 
an acceptable level of immunity for at least 
o months for this strain of virus. 
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FtG. 6. NcutnJiziag antibody levels, expressed as the 
'neutralization index (NI) of Sephadcx G-200 fractions of 
sera collected from 3 pigs 28 days after Vaccina tion with a 
type C DEAB-dextran vaccine. 

Antihody Class at Intervals Following Vac- 
cinations The class of antibody present 28 days 
after primary vaccination in 3 pigs that re- 
reived a type C vaccine containing 175 c.f.u. 
total antigen was examined. 

The G-200 profiles are shown in Fig. 6. 
Two animals, which had • serum antibody 
titres of i-8o and- 1-05 respectively as measured 
by the cell metabolic inhibition test, were 
found to have both IgM and IgG present. 
The third animal with a lower serum antibody 
titre of o-oo had only IgM present. This 
indicated that higher antigen doses main- 
tained serum antibody for a longer period 
and this was associated with the change from 
IgM to IgG production. "Where this change 
has occurred a good secondary response may 
be expected. 

Saponin Vaccines 

A single dose of a saponin vaccine resulted 
in a true primary response (unpublished 
results). There was an initial increase in cir- 
culating neutralizing antibodies which reached 
a peak at 7 to 10 days after vaccination and then 
decreased rapidly so that by 21 days after 
vaccination no antibody was detectable. AU 
the antibody produced was 19$ immuno- 
globulin. 
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Fio, 7, Anamnestic response to a secondary inoculation of 
a type C saponin vaccine given at 9 or 21 days after primary 
vaccination with the »nie vaecme. 



The purpose of this experiment was to 
ascertain whether the primary vaccination 
dose of a saponin vaccine sensitized the animal 
sufficiently to eive a true secondary response. 
Two groups of 6 pigs were each given a dose 
of a type C saponin vaccine containing 200 
ci,u« total antigen. The type C antigen' batch 
used for the DEAE-dextran vaccine was used 
in the saponin .vaccine. One group then 
received a second dose -at the height of the 
primary response 9 days after vaccination while 
the other group received a second dose 2X 
days after vaccination when there were no 
detectable scrum neutralizing antibodies. Both 
groups showed a good anamnestic response 
(Fig. 7) and antibody concentrations decreased 
more slowly than after primary vaccination* 
The majority of the animal* in both groups 
would have been immune to challenge 63 
days after tie primary dose as judged by serum 
antibody concentrations. ' 

The class of antibody present in the 2 groups 
o£ pigs was examined 5 days after the second 
dose in the case of the group revaccinatcd 
9 days after vaccination and 7 days after the 
second dose in the case oE the group, re vac- 
dnated 21 days after vaccination- The Sepha- 
dex G-200 profiles obtained are shown in 
Fig. 8. Giving a second injection at the height 
of the primary IgM response stimulated 
mainly further IgM production but some IgG 
was also produced. A second injection given 
21 days after vaccination when no' detectable 
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Ftc. 8- Neutralizing antibody levels, expressed « the 
'neuttalization index* (r\TI) of Sephadmc G-200 fraction* of 
a serum collected 5 days after a second dole of a saponin 
vaccine given at 9 days after the primary dose and of a 
Jerum collected 7 days afrer a second dose given at ai days 
after the primary dost 

circulating antibody was present resulted in 
the production o£ more IgM but also an 
appreciable amount of IgG. Even though 
circulating antibody of either class could not 
be detected a degree of immunological memory 
must have been escablished. 

DISCUSSION 

Pigs infected with FMD do not become 
'carriers' (Burrows, 1968) and this ability of 
the pig to eliminate the virus and all further 
a n a* g enie stimulation may in part explain why 
the duration of immunity in convalescent pigs 
is short. The high and long lasting serum 
antibody concentrations observed following 
vaccination with emulsion vaccines indicated 
that they possibly acted by providing frequent 
stimulation of the immune mechanism. 

The response to DEAE-dcxtran vaccines 
was less good than the response to emulsion 
vaccines. The primary response was dose 
dependent, at least over the antigen ranges 
examined, but antibody concentrations were 
never great or very long lasting even though 
the change from IgM to IgG production did 
take place. Secondary vaccination rcsuked in 
a good anamnestic response, following which 
antibody concentrations decreased more 
slowly. Application of these vaccines in the 



field would require a second dose vWchin a 
to 3 months of the initial vaccination to give 
a reasonable duration of immunity. The 
serological responses that we observed were 
similar to those found by Wittmann et al 
(1970), viz. peak concentrations at 14 days after 
vaccination, followed by decreasing tirres. 
Although Witrxnan et ai (1970) found that 
almost all their vaccinated pigs resisted a 
contact challenge with the homologous 0 1 
virus 12 weeks after vaccination, the titres had 
declined considerably by that rime and the 
animals might not have been able to with- 
stand challenge for much longer. Wittmann 
(1970) suggested that the adjuvant activity of 
DEAE-dextran could be due to a membrane 
effect on the immuno-compctent cells. In- 
creasing the dose of DEAE-dextran up to 
500 mg. resulted in increased serum antibody 
concentrations, suggesting that increasing the 
dose of adjuvant stimulated more immuno- 
competent cells to become antibody producers. 

It is also possible that saponin exerts its 
adjuvant activity through its effect on cell 
membranes but why saponin vaccines are less . 
potent than DEAEniextran vaccine is not 
clear. It is likely that in both cases all the 
antigen administered is quickly catabolized 
and removed. In fact a single dose of a saponin 
vaccine produced only a true primary IgM 
response but the animals became sensitized 
and gave an anamnestic response co a second 
injection. The degree of this response was less 
than with DEAE-dextran vaccines and more 
frequent doses at short intervals would be 
required to obtain an adequate level of im- 
munity. This agrees with field experience 
(Lucaoi tt aU 19*7) where repeated appli- 
cations of these vaccines reduced the number 
of outbreaks of the disease in pigs. 

These experiments indicate that the pig 
requires frequent stimulation with FMD 
antigen to produce reasonable concentrations 
of circulating antibody. It is postulated that 
a single dose of an emulsion vaccine provides 
this stimulus, resulting in long immunity, 
while a second or further doses of a DEAE- 
dcxtran vaccine are required to achieve a 
similar duration of immunity. 
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